Tl Designs
Sub-1GHz Low Cost Mesh Network Design Guide

{ii TEXAS INSTRUMENTS

TI Designs Design Features
TI Designs provide the foundation that you need » Self-organization, self-maintenance, no manual
including methodology, testing and design files to collocation needed

quickly evaluate and customize the system. Tl Designs

) Multi-hop communication to enlarge network
help you accelerate your time to market.

coverage
Design Resources < Multi-routed to avoid the effect of the failure of a
single node
TIDU546A Tool Folder Containing Design Files e Low cost, low power consumption
MSP430G2533 Product Folder » Combination of on-demand query and periodical
CC1101 Product Folder report
* Turnkey solution for IoT applications

ﬂ i ASK Our E2E Experts Featured Applications

TI E2E™ WEBENCH® Calculator Tools o )

Community * Building Automation

« Factory Automation and Control

UART \f

apn =4 MSUBGREEE | ociaad L

ANTENA

2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

All trademarks are the property of their respective owners.

TIDU546A—0October 2014 —-Revised January 2015 Sub-1GHz Low Cost Mesh Network Design Guide 1

Submit Documentation Feedback
Copyright © 2014-2015, Texas Instruments Incorporated


http://www.ti.com/tool/TIDM-SUB1GHZ-MESH-NETWORK
http://www.ti.com/product/MSP430G2533
http://www.ti.com/product/CC1101
http://e2e.ti.com/
http://e2e.ti.com/support/development_tools/webench_design_center/default.aspx
http://e2e.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU546A

13 TEXAS
INSTRUMENTS

System Description www.ti.com

1 System Description

This solution uses the MSP430G2533 and CC1101 to implement a mesh network within the sub-1 GHz
frequency band.

1.1 MSP430G2533

The Texas Instruments MSP430 family of ultra-low power microcontrollers consists of several devices,
featuring different sets of peripherals targeted for various applications. The architecture, combined with
five low power modes, is optimized to achieve extended battery life in portable measurement applications.
The device features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that contribute
to maximum code efficiency. The digitally-controlled oscillator (DCO) allows wake-up from low-power
modes to active mode in less than 1 ps.

The MSP430G2x33 series are ultra-low-power mixed signal microcontrollers with built-in 16-bit timers, up
to 24 1/0O capacitive-touch enabled pins, and a built-in communication capability using the universal serial
communication interface. In addition, the MSP430G2x33 family members have a 10-bit A/D converter.

Typical applications include low-cost sensor systems that capture analog signals, convert them to digital
values, and then process the data for display or for transmission to a host system.
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Figure 1. Functional Block Diagram, MSP430G2x33

1.2 CCl101

The CC1101 is a low-cost sub-1 GHz transceiver designed for low power wireless applications. The circuit
is primarily intended for the ISM (Industrial, Scientific and Medical) and SRD (Short Range Device)
frequency bands at 315, 433, 868, and 915 MHz, but can easily be programmed for operation at other
frequencies in the 300-348 MHz, 387-464 MHz and 779-928 MHz bands.

The RF transceiver is integrated with a configurable baseband modem. The modem supports various
modulation formats and has a configurable data rate up to 600 kbps. The CC1101 provides extensive
hardware support for packet handling, data buffering, burst transmissions, clear channel assessment, link
quality indication, and wake-on-radio.

The main operating parameters and the 64-byte transmit/receive FIFOs of the CC1101 are controlled
using an SPI interface. In a typical system, the CC1101 is used together with a microcontroller and a few
additional passive components.
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Figure 2. CC1101 Simplified Block Diagram

2 Block Diagram
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Figure 3. Block Diagram

3 System Design Theory

N4

AHTENRNSA

There are two kinds of devices in the network, a master node and several slave nodes. The master node
is used as data collector. There is only one master node in each network. The master node establishes,
manages, and maintains the network. The master node stores connection link information of the entire

network for routing wireless packets.

Typically, a slave node is connected to one or more sensors. A slave node gets desired information from
associated sensors and sends the sensing data through the network to the master node. The number of
slave nodes depends on the size of the network. Routing data is not stored in slave nodes. The only
information stored in a slave node is the address of its father-node, which is used when actively reporting

time-sensitive data, such as an alarm.

On-demand query and periodical active report are supported when the communications in the network are
divided into two parts, the downlink and uplink. Downlink contains all communications initiated by the
master node. Uplink contains all communications initiated by the slave nodes.
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3.1

3.2

Master Initiated Operation

After power on, the master node broadcasts a discovery frame. The slave node that receives this
broadcast frame joins the network and marks itself as an in-net slave node, and responds to the sender.
Periodically, the master node resends the broadcast frame and calls all in-net slave nodes in turn, to
broadcast for new nodes and new connections. The master node maintains a link table, which records
connections between every two nodes in the network. The master node uses this link table to get the
route from the master node to each slave node.

The master node can call any in-net slave node to query for its data. The query frame contains the entire
route from the master node to the slave node, including intermediate relay slave nodes. The queried slave
node responds with its data to the master node by reversing the route contained in the query frame.

Slave Initiated Operation

After power on, the slave node broadcasts a join request frame. When the master node or any in-net slave
node receives this request frame, it replies with a join response, and reports this newly-established
connection to the master node. After receiving the join response, the requesting slave node marks itself as
an in-net slave node.

An in-net slave node can actively report data to the master node periodically. The slave node forwards the
data frame to its father node (the node which allows it to join the network). The receiver also forwards the
data frame to the father node of the receiver. Eventually the data frame is forwarded to the master node.
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4 Getting Started Hardware

UART interface (TTL)

2-wire JTAG interface
(Spy-Bi-Wire)

Figure 4. JTAG Connection and UART Connection

4.1 JTAG Connection
To download the program into flash, use the connections between PCBA and JTAG listed in Table 1:

Table 1. PCBA and JTAG Connections

PCBA JTAG
VCC (Pin-1, Yellow) VCC_TOOL (Pin-2)
GND (Pin-2, Brown) GND (Pin-9)
TEST (Pin-5, Red) TCK (Pin-7)
RESET (Pin-6, Orange) TDO/TDI (Pin-1)

4.2 UART Connection

To observe network performance, the master node prints topology information and received data through
UART. Use the connections between PCBA and PC listed in Table 2. Note: the UART uses TTL level, and
should be converted to the RS232 level before the PC can recognize it.

Table 2. PCBA and UART Connections

PCBA PC UART
SDO (Pin-3) RXD
SDI (Pin-4) TXD
GND (Pin-6) GND
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5

Getting Started Firmware

Follow the steps below to download the firmware into flash.

51
Double click the

Open IAR Project

project file, and open the project.

1 Mew folder
.
- - )
Mame Date modified Type Size
Debug 2014-11-1412:50 File folder
— Lib 2014-11-1413:50 File folder
Master 2014-11-1413:51 File folder
settings 2014-11-1413:58 File folder
Slave 2014-11-1413:55 File folder
Source 2014-11-14 14:03 File folder
|| Mesh Metwork.dep 2014-11-14 14:04 DEP File 4 KB
|| Mesh Metwork.ewd 2014-11-14 14:00 EWD File 22 KB
|| Mesh Network.ewp 2014-11-14 14:02 EWP File S KB
|%| Mesh Metwork 2014-11-1413:52 IAR IDE Workspace 1 KB
|| path 2014-11-14 14:03 TXT File 0 KB
Figure 5. Project File Folder
2§ Mesh Network - 1AR Embedded Workbench I "R e R T (= O
File Edit View Project Emulstor Tools Window Help
METT-IEY \ | - wEEe e s EEEIrT
Workspace = [ conin 0 v x
Master A 1 #include "Config.h” f
Files FYar:] 2 #include "Mesh.h" —
3 #include "Hal 2533.h"
Bl (JMesh Network - Master 4 #include <mspd3092533.h>
f— [ Configh §  #include "RF_CC1101_2533.h" L
— R Hal_2533h 6 | =
mail’\ﬁ 7 uintg flagnum; // used to handle UART received bytes
}— [ Mesh Metwark G2533 - Masterlib & uintd of // cache for received UART byte
|— 1| Mesh Netwark G2533 - Slave lib 9 uint serial ID;  // target ID of UART command
— R Meshh 10  uint® serial Type; // target command type of UART command
— BYRF_CC1101_2533h 11 imté serial ro: // return value in UART command progress
L@ ] Qutput 12 uint8 serial Route[MAX _ROUTE_LENGTH]: // route for UART command
13 uinté serial p[3]; // UART Tx buffer
14 uinté serial i:
15
16 const uinté LOCAL NODE_ID = 1; // 1 - Master node
17 // other address - Slave node
18
13 const uinté APPLICATION DATA LENGIH = 4; // application data length, this contains the figure vhick will be sent from RF
20 uint® demo_data[4] = {0xll, 0x22, 0x33, Ox44d};
21
22 // interval for periodical events
23 const uinté JOIN_INTERVAL = 5; // interval betveen each actively Join Request frame, unit is second
24 const uinté DATA_INTERVAL = 107 // interval to actively repoert data, unit is second
25 const uinté DISCOVERY_INTERVAL B // interval to discovery for the first Slave node, unit is second
26 const uintgé TOPOLOGY_INTERVAL = // interval to print current topology
27 const uinté RESPONSE_INTERVAL = 1207 /7 interval to allow all slave to respense to discovery broadcast again
28
23 // time for vaiting for respense
30 const uintg RESPONSE_TIME_PERIOD = 100; // time to vait for response after sending a packet, unit is 10 ms
31 const uintg SLAVE_BROADCAST_TIME PERIOD = 50; // time for slave to vait before send back discovery nonresponse
32
33 const uintg MAX_DATA REPORT_TIMES = 10;
34 const uintg MAX_JOIN_REPORT_TIMES = 10;
e | et minrs st o Thiss = 10 :
Messages File Line
Ewﬂehug Log x
Ready Errors 0, Warnings 0 Ln6, Coll System NUM
Figure 6. IAR Project
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5.2 Master Node

To download firmware into the master node, follow these steps:
1. Select the Master configuration in the ComboBox (See Figure 7)
2. Comment line 5 in Config.h. (See Figure 8)

3. Change the value of constant LOCAL_NODE_ID to 1 to assign node address to master node. (See
Figure 9) (Note: The master node should be assigned address 1, and address 0 is reserved for
broadcast address. Slave nodes can use addresses 2 — 255.)

4. Rebuild the project and download into Flash of the master node.

File Edit View Project Emulator Tools Window

e HE| S | |

Workspace x
b aster -
Files S
B (J Mesh Network - Master W
— [k Config.h

— k] Hal_2533.h

Frain.c

— [ Mesh Metwork G2533 - Master lib
— = Mesh Metwaork G2533 - Slave lib
—— [h] Mesh.hk

— || BF_CC1101_2633 h

—= [ Output

Figure 7. Select Master Configuration
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ﬁ Mesh Network - TAR lded Workbench IDI

File Edit View Project Emulator Tools Window Help
=2-1- 1) \ | - A Y Iy
Workspace * [ man | Config | 0 v x
Master N 1] #ifndef CONFIG H_ (=
Files [T i #define CONFIG |
Bl (JMesh Network - Master v 5 | [sa=zine MASTER
— DENFT N | s || ecerine save
— k1 Hal_2533.0 6
main.c 7 | //#define SNIFFER
— [ Mesh Network G2533 - Master lib 8
}7 - Mesh Network G2533 - Slave lib 9 #define MAX NODE_NUMBER 2 // max number of support node in the network
— ) Mesh h 10 | gdefine MAX NODE_NUMBER DIVE {uintg) ( (MAX_NODE_NUMBER - 1) / & + 1)
| — BIRF_CC1101_2533h 11
(3 Output e e e L
13
14 7 Standard Defines
15 /7
e e
17 [] #if !'defined (FALSE)
18 #define FALSE 0
13 gendif
20
21 #1if !defined (TRUE)
22 #define TRUE (!FALSE)
23 gendif I
24
25 #1if !defined (NULL)
26 #define NULL (woid *)0
27 gendif
28
29 | typedef signed char inta;
30 | typedef unsigned char uint8;
31
32 | typedef signed short intl6:
33 | typedef unsigned short uint16;
34
rYPTE— o (S tumeasr aumen__3me inmaz: - <
Messages File Line
=
2 Build [Debug Log X
Ready Errors 0, Warnings 0 Ln4, Col19 System NUM

Figure 8. Choose Master Macro Definition

& Mesh Network - IAR Embedded Workbench IDE [ o )

File Edit View Project Emulator Tools Window Help

~ ST
led@ S | | - %z | B %0
Workspace x in | Config 0 v x
Master hd 1 #include "Config.h™ =
2 #include "Mesh.h" =
3 #include "Hal 2533.h"
4 #include <mspd3092533.h>
5 #include "RF_CC1101_3533.h" A
G E
7 uint® flagnum; // used to handle UART received bybes
f— [ Mesh Network G2533 - Master.lib 8 wints c; // cache for received UART byte
}— 1% Mesh Metwark G2533 - Slave lib 9  uintf serial ID; // target ID of UART command
— E1Meshh 10  uint8 serial Type; // target command type of UART command
|— RRF_cCi101_2533h 11 int® serial rt; // return velue in UART command progress
L@ 07 Output 12 uint@ serial Route[MAX ROUTE_LENGTH]; // route for UART command
13 uint@ serial p[3]; // UART Tx buffer
14 uintg serial i;
15
16 [const uints LOCAL NODE_ID = 1r T 77 1 - Master nods
17 // other address - Slave nods
18
19 const uint® APELICATION DATA LENGTH = 4; // epplication data length, this contains the figure vhich vwill be sent from RE
20  uint® demo data[4] = {0x11, 0x22, 0x33, Ox&d};
21
22/ interval for periodical svents
23 /#/ interval betwesn each actively Join Request frame, unit is second
24 // intervel tively report data, unit is second
25 // intervel iscovery for the first Slave nods, unit is second
26 ] /#/ intervael to print current topology
27  const uint? RESECNSE_INTERVAL = /#/ interval to allow all slave to response to discovery broadcast again
28
29 4/ time for vaiting for response
30 const uint® RESECNSE_TIME PERIOD = 100; /#/ time to vait for response after sending a packst, unit is 10 ms
31 const uint® SLAVE BROADCAST_TIME PERIOD = 50;  // time for slave to vait before send back discovery monresponse
32
33 const uint® MAX_DATA REFORT_TIMES = 10;
34 const uint® MAX_JOIN REFORT_TIMES = 10;
esh Networ e — -
Messages File Line
2 suild [Debua Log X
Ready Errors 0, Warnings 0 Ln16, Col 37 System NUM

Figure 9. Assign Node ID to Master Node

5.3 Slave Node
To download firmware into slave nodes, follow these steps:
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1. Select the Slave configuration in the ComboBox. (See Figure 10)
2. Comment line 4 in Config.h. (See Figure 11)

3. Change the value of constant LOCAL_NODE_ID to desired node ID to assign node address to each
slave node. (See Figure 12) (Note: The master node should be assigned address 1, and address 0 is

reserved for broadcast address. Slave nodes can use addresses 2 —
4. Rebuild the project and download into Flash of each slave node.

Workspace

Files

= (71 Mesh Network - Slave

— 1] Canfig.h

— | Hal_2533.h

main.c

— = Mesh Network G2533 - Master.lib
— [ Mesh Metwork G2533 - Slave lib
— [ kesh.h

— | RF_CC1101_2533h

(7 Qutput

+

Figure 10. Select Slave Configuration

Slave - |

255.)

x

/& Mesh Network - 1AR Embedded Warkbench IDI i oS

File Edit View Project Emulstor Tools Window Help

DER@ & B~ - wmEle e [P &2 D
Workspace * [ main [ 0 - x
Slave = 1] #ifndef _CONFIG_H_ =
Files @ o 2 | #define _CONFIG_H_
3 :
v 4 | (Bf#eetine MASTER
-- 5 #define SLAVE
€
. 7 //#define SNIFFER
}— - Mesh Network G2633 - Master lib ]
— [ Mesh Netvork G2533 - Slave lib 9 | #define MAX_NODE_NUMEER E // max number of support mode in the network
}7 MESM’\ 10 #define MAX NODE_NUMBER DIVE (uinc#) ((MAX_NODE_NUMBER - 1) / & + 1)
}7 RF_CC1101_2533.h 11
DOutpuI 12 Y OV L P O T O O T I e =
13
14 1 Standard Defines
15 Iz
1€ Y OV L P O T O O T I e
17 [] #if !defined (FALSE)
18 #define FALSE 0
19 #endif
20
21 #if !defined (TRUE)
22 #define TRUE (!FALSE)
23 #endif I
24
25 #if !defined (NULL)
26 #define NULL (woid *)0
27 #endif
28
29 typedef signed char inté;
30 typedef unsigned char uinté;
31
32 typedef signed short intlé;
33 typedef unsigned short uinclé;
34
oy | (5 tmter sttt smmans — <
Messages File Line
2 Build [Debua Log X
Ready Errors 0, Warnings 0 Lnd, Col3 System NUM
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ﬁ Mesh Network - AR Embedded Warkbel
File Edit View Project Emulator Tools Window Help

) m
D@ & [ =] - % 3z (B s L L
Workspace = [ o 0 - x
Slave hd 1  #include "Config.h™ f
- 2 #include "Mesh.n™ E
Files & -
3 #include "Hal 2533.n"
B G Mesh Network 4 ginclude <mapd30q2533.h>
5 #include "RF CC1101 2533.h" |
— 1 Hal_2533.0 3 3
7 uincs flagnum; // used to handle UART received bytes
e uints c; // cache for received UART byte

9 uintg serial ID;  // target ID of UART command

10  uint® serial Type; // target command type of UART command
RF_CC1101_2533.h 11 inte serial rt: // return value in UART command progress

L@ (3 Output 12 uint8 serial Route[MAX ROUTE_LENGTH]: // route for UART command
13 uint8 serial p[3]; // UART Tx buffer

14 uinte serial i:

15

16 [const uints LOCAL NODE_ID = 27 7/ 1 - Master node

17 // other address - Slave node

18

19 const uints APPLICATION DATA LENGTH = 4; // application data length, this contains the figure vhich will be sent from RF
20  uint8 demo data[4] = {0x11, 0x22, 0%33, Oxd4}:

21

22 4/ interval for periodical events

23 comst uints JOIN_INTERVAL = 5; // interval betveen each actively Join Request frame, unit is second

24 const uinte DATA_INTERVAL = 10; // interval to actively report data, unit is second

25  const uintd DISCOVERY INTERVAL
26  const uints TOPOLOGY INTERVAL

// interval to discovery for the first Slave node, unit is second
// interval to print current topology

27  comst uincs RESPONSE_INTERVAL = 180; // interval to allow all slave to response to discovery broadcast again
28
29 // time for vaiting for response
30  const uincs RESPONSE_TIME PERTOD = 100; // time to vait for yesponse after sending a packet, mnit is 10 ms
31  const uints SLAVE_BROADCAST TIME_PERIOD = 50; // time for slave to vait before send back discovery nonresponse
32
33 comst uincs MAX DATA REPORT_TIMES = 10;
34 const uincs MAX JOIN REPORT_TIMES = 10;
R - 35 const nintA MAX REOTEST TTMFS = 1: = <o
Messages File Line

=z

@ Build | Debug Log x

Ready Errors 0, Warnings 0 Ln16, Cal 45 System NUM

Figure 12. Assign Node ID to Slave Node
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6 Test Setup

In this test, a master node (addressed No.1) and 7 slave nodes (addressed No.2 — No.8) are used in this
demo.

6.1 GuUI

Open the GUI, select the proper COM port, set the baud rate to 9600, and click Open to open the COM
port. COM Data area displays all frame master node receives. Query command and maintenance
information also display in this area. Received Data area displays decoded data frame master node
receives. The Link Table area displays all connections established between each two nodes in the
network. The Route Table area displays routes from the master node to each slave node.

B " MainWindow =
Received Data JshewactveDeta S€fial Port Configuration Sull Lo 4 Show COM Data
S coML - ‘ Open ‘
BaudRate ‘9600 _‘
Data Query
Node ID |0>(02 '| ‘ Query ‘
Route Table ] Show Route Table
Link Table 7] Show Link Table
Figure 13. GUI
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6.2 Power On

Switch on master node and all slave nodes. The network is set up automatically immediately after all
nodes power on. Slave nodes actively try to join the network. Nodes which are already in-net report new

connections to the master node.

i ManWindow

S— - prag—

[y =

—= = — —

Link Table 7] S Link Table

Received Data v e netve g 32rial Port Configuration

Data Query

COM Data
J48 A4 05000480 0000 BB BE

o | Shiw COM Dala

L AR AA 05 0003 B0 00 DO BB BE -

A AR DT 0104 B2 00 00 04 03 BB BB

9500 - Close A AA DS 0002 50 00 00 BE BB newngdejgin
AAAADT 0103 8200000302 BB BB |

Al A4 OF 0104 82 00 0004 02 BB BB
Ad A4 05 00 06 B0 00 00 BE BB

AAAA DT 0104 82 00 0004 06 BB BB

- AAAAD7010482000004068888 | ey connection report
iz Query | aa A4 05 0005 80 00 00 BB BE P

AA AA.07 01 06 82 00 00 06 05 BB BB

Route Table 71 Show Rote Table WA AA 07 01 04 82 00 00 04 05 BB BB
A AR 07 01 04 82 00 00 04 05 B8 BB

Al AS OF 01 04 B2 00 0004 05 BB BB -

AA AA.07 01 04 82 00 00 04 05 BB BB

A AR 07 01 04 82 00 00 04 05 BB BB

Al AS 05 00 0T 80 00 00 BE BE

AA AA.07 01 04 82 00 00 04 07 BB BB

A AA.07 01 06 82 00 00 06 07 BB BB

Al AM DT 01 D6 B2 00 00 06 OF BB BB

Ak A8 07 O1 D6 82 00 00 06 07 B8 BB

AA AA.07 01 03 82 00 00 03 06 BB BB

Al AA DT 01 06 B2 00 00 06 OB BB BB

Ak AR 07 O1 05 82 00 00 05 07 B8 BB

AA AR 07 0103 82 00 00 03 06 BB BB

Ak A8, 07 01 05 82 00 00 05 07 B8 BB

duh A0 0F 0103 82 000003 06 BB BB

AA AR 07 01 05 82 00 00 05 07 BB BB

A A8, 07 01 04 82 00 00 04 07 B8 BB

Figure 14. Power On
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7 Test Data
7.1 Initial Topology

All nodes join the network quickly after power on. The initial topology is established and maintained by the
master node. Routes are found from the master node to each slave node.

ManWindow

——

=

[E=E———]

- —

Received Data R
2014-09-01 10:53:32 No.08 83 88 8B 88  active report

Link Table T

01--02 01--03 01--04 01--05 01--06 01--07
02--03 02--04

03--04 03--06

04--05 (4--06 04--07 04--08

05--06 05--07

06--07 06--08

Serial Port Configuration

Com COM4 =
BaudRate SE00 = Close
Data Query
Node D | 002 7 Query
Route Table 7 Show Roue Table
01-->02
01-->03
01--=04
01-->05
01--=06
01--=07
01-=>04-->08

all useful connections

~ | route from Master t

COM Data

Ad Al 07 01 05 82 00 00 05 07 BB BB
Af AA 0T 01 03 82 00 00 03 06 BB BB
Ad A4 0T 01 05 82 00 00 05 07 BE BB
Ad AN 07 01 04 82 00 00 04 07 BB BB
Ady A4 0T 01 04 B2 00 00 04 08 BB BB
AA AL DT 0103 82 00 00 03 06 BB BB
AAAMDDOS 111111111111 80 11 11 80 80 80 &0
118011 8080111111 11 11 11 80 11 11 50 BB BB

#! Show COM Data

Al AL 07 0103 0200010301 BB BB

A A4 07 01 D6 02 00 01 06 01 BB BB
Ad AN 08 01 02 02 00 02 06 02 01 B8 BB
Ad AN DT 01 02 03 00 01 02 01 BB BB

‘topulogy

information

AA AL 080103 020002050301 B8 BB

AA AN 0T 0103 030001 03 01 BB BB

AA AL 08 0104 0200 02 02 04 01 BB BB

AA AN 03 0104 02 00 02 07 04 01 BB BB

A AN 07 0104 0300 01 04 01 BE BB

AA AA 03 01 05 02 00 02 04 05 01 BB BB

AA AA 03 01 05 0Z 00 02 05 05 01 BB BB

A AA 07 0105 02 00 01 05 01 BE BB

AA AA 03 01 06 02 00 02 05 06 01 BB BB

AA AL OA QL 02 84 00 00 08 88 B8 88 B3 BB BB
A4 AN 07 01 06 03 00 01 06 01 BB BB
Gk i R i B8 BB

T

Figure 15. Initial Topology

7.2 Topology with More Connections

More connections are established by discovery, initiated by the master node. Each slave node actively
reports data to the master node every minute.

- -

— —

[E=

p— -

=

Received Data

s emienenns  S€rial Port Configuration

more connections than initial topology

COM Data
AA AA 07 0110303 00 01 03 01 BB BB

2014-09-01 10:53:32 No.0O8_ 88 B8 88 BE _active report
2014-09-01 1054112 No.DB 68 55 B8 BB _active report Com oMt - AA AA 08 0104 02 00 02 02 04 01 B8 BB
2014-09-01 10:54:14 No.07 77 77 77 77 active report AA AA D8 01 04 02 00 02 07 04 01 B8 BB
2014-09-01 10:54:14 No.06 66 66 66 66 active report BaudRate (o, = Close AA AA D7 01 04 03 00 01 04 01 BB BB
2014-09-01 10:54:16 No.05 5555 5555 active report . AA AA 08 0105 02 00 02 04 05 01 BB BB
2014-09-01 1054:16 No.D4 444444 44 active report AA AA 08 0105 02 00 02 06 05 01 B8 BB
2014-09-01 10:54:17 No.03 33333333 active report Data Query AA AA 07 0105 03 00 01 05 01 B8 BB
2014-09-01 10:54:18 No.02 22223232 active report xmﬁﬁx:g:ﬁgzg::’:s“s
T
| \ NodelD (0«02 -] Query | AAAA 07 0106 03 00 010601 BB BB
' | actively report data AA A4 0801 07 02 00 02 02 07 01 B8 BE:
Route Table < hom o ae | AAAA 080107 0200 02 06,07 01 B8 BB
| AA AA 07 0107 03 00 01 07 01 BB BB
1.: Ol—-=0a AA AA 08 0104 03 00 02 0804 01 B8 BB
| Link Table fpomtintase 0103 AA AA OA 01 02 84 00 00 08 58 8 85 38 B8 B8
| [01-02 01-03 01--04 01--05 01--06 01-07 e :mxgig:%gg;:gg:gﬁ
Eifﬂ g:g giﬁ 27 01-->06 AA AA 04 01 05 84 00 00 05 55 55 55 55 B8 88
04--05 04--06 0407 04--08 01-->07 AA A OA 01 04 84 00 00 04 44 44 44 44 BB BB
05--06 05--07 B AA AA DA 01 03 84 00 00 03 33 33 33 33 BB BB
06--07 06--08 AA A OA 01 02 840000 02 22 22 22 22 BB 88
i AAAADDO8 111111111111 80 11 11 80 11 11 80

111111 808011111111 11118011 11 &0 BB BB

AA AA DT 01 0203 00 01 02 01 BB BB
AA A 07 010303 00 01 03 01 BB EB
AAAA 07 010403 00 01 04 01 BB BB
AA AA DT 010503 00 01 0501 BB BB
AA AA D7 010603 00 01 0601 BB BB

# Shom COM Dats

Figure 16. Topology with More Connections
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7.3 Respond Discovery Broadcast

Each slave node is called by the master node to generate a discovery broadcast and find more
connections. Any new connections are reported to the master node.

2014-09-01 10655:32 Ne.08

Slave node responds to Discovery Broadcast

05--06 05--07
06--07 06--08

| Link Table
01--=04
01--02 01--03 01--04 01--05 01--06 O1--07 01--205
| 02--03 02--04 02--06 02--07 01--206
03--04 03--05 03--06 01--=07
04--05 04--06 04--07 04--08 01--204--=08

5 MainWindow ==
- - = = _— = A — - —

Received Data 4 temicvenes  3erial Port Configuration COM Data 7] Showe COM Dt
2014-09-01 10:54:16 No.O5 55 55 5555 active report - - : Ay A5 OA O OF B4 00 00 07 77 77 77 77 BB BB -
2014-09-01 10:54:16 No.Od 44 44 44 44 active repaort Com |COM4 1 Al AA 0A 01 06 84 00 00 06 66 66 66 66 BE BB
2014-09-01 10:54:17 No.02 3333 33 33 active report A A 0A 01 05 84 00 00 05 55 55 55 55 BB BB
2014-09-01 10:54:18 No.02 22 22 22 22 active report BaudRate lm = Cloge AAAA QA DL 04 B4 00 00 04 44 44 44 J4 BB BE
2014-09-01 10:54:32 No.08 88 88 8B 8 active report L AR AADADLO3 B4000003 3333333306 B8
2014-09-01 10:55:14 Ne.0T 77 77 77 77 active report Al AA DA 0L 02 84 00 00 02 22 22 22 22 BB BB
2014-09-01 10:55:14 No.06 66 66 66 66 ac::memporl Data Query AAAADDOS 111111111111 801111 8011 11 80
2014-08-01 10:55:15 N5 55555555 active report 111111808011 11 11 11 11 11 80 11 11 80 BB BB
2014-09-01 1:55:16 No.04 44 44 44 44 active report ————  AAAA D7 0102 02000102 01 BB BB

| 2014-09-01 10:55:17 No02 3333 3333 active report Mode D | Td2 b Query ANAA 0T 0103 02 00 01 03 01 BB BB
2014-09-01 10:55:18 No.02 2222 2222 active report r’(“ AA 07 0106 02 00 01 06 01 BB EB

/ AA AA 08 0102 02 00 02 06 02 01 BB BB

" AA AA 07 0102 03 00 01 02 01 B8 BB

A AA 03 0103 020002060301 BB BB
AR AA DT 0103 020001 03 01 BB BB

AA AA 03 0104 0200 02 02 04 01 BB BB
A AA 03 0104 02000207 04 01 BB BB
Al A Q7 0104 0300 01 04 01 BB BB

AA AA 03 0105020002 0405 01 BB BB
AA AA 03 0105 0200 02 06 05 01 BB BB
Al AA Q7 0105020001 0501 BB BB

AA AA 08 01 06 02 00 02 05 06 01 BB BB
A AA DA (] 02 B4 00 00 08 B8 BE B8 88 EB BB
Al A 07 0106 0300 01 06 01 BB BB

Af AA 08 01 07 02 00 02 05 07 01 BB BB
A AA QT 0107 03 00 01 07 01 BB BB

Al AA (9 0104 02 00 02 06 08 04 01 BE BB
Al Ah 08 01 04 03 00 02 08 04 01 B8 BB

Figure 17. Respond Discovery Broadcast

7.4 Data Request and Response

Each node can be queried for its data in an on-demand pattern.

05--06 05--07
06--07 06--08

on-demand data query request

AAAAQT 010503 00010501 BB BB

AA AA 07 01 06 03 00 01 06 01 BB BB~
MMG?OIO?MDOOIO?O].BB/BB/

01 04 08 AA AA 08 01 04 OF 00,02 0804 01 BE BB
Af A 08 01 04 03 00 02 03.04 01 BB B8

Al i CC 08 04 BE BB
AR AA OC D104 05 00 02 08 (4 01 &8 5 88 38 BB BB
Al AA CC 02 04 BB BB \

Ab A 08 01 0Z 05100 0102 01 22 22 32 22 BA BB

B MsnWindow — - —- = — — s lﬁb“
Received Data s e netvenss  erial Port Configuration COM Data ] Shesw COM Dats
2014-09-01 10:55:32 Mo.08 8888 BE BB active report § i Al AR 07 01 07 03 00 01 07 01 B8 BB -
2014-09-01 10:55:51 No.02 2222 22 22 Com |coma - Ad AR 09 01 04 02 00 03 06 08 04 01 B8 BB
2014-09-01 10:55:58 No.08 8558 85 B3 ~ AAAA 08 01 04 03 00 02 08 04 01 BB BB
2014-09-01 10:56:12 No.D8 8888 BEBE  active report BaudRate se00 - Clase A AA CC 02 04 BE BB
2014-09-01 10:56:13 Mo.07 77 77 77 77 active report ) | A A 08 0102 05 00 0102 01 22 22 22 22 88 BB
2014-09-01 10:56:14 No.D6 6666 66 66 active report Ak AR CC 08 04 BE BB
2014-09-01 10:56:15 Mo.DS 5555 5555 active report Data Query A\ AA OC 01 04 05 00 02 08 04 01 88 85 85 38 BB BB
2014-09-01 10:56:17 No.D4 44,44 44 44 active report Ad AR OA D1 02 B4 00 00 08 88 B8 B8 45 BB BE
2014-09-01 10:56:17 No.03 33 33 3333 active report . AAAADAOLO7 84 000007 77 77 77 77 BB BB

| 2014-09- ; i NodelD |®02 =) Query | AA AA DA 0106 84 00 00 06 66 665 66 65 BE BB
2014-09-01 10:56:43 Mo.08 88 88 BE B8 A\ B OA 01 05 B4 00 00 05 55 55 55 55 BB BB
2014-09-01 105648 No.02 22 22 22 22 Route Table o mo e 'V A OA 0104 84 00 00 04 44 44 44 44 88 B8

A AA OA 01 03 B4 00 00 03 33 33 33 33 BB BB
|- 01--202 A AB OA 01 02 B4 00 00 02 22 22 22 22 BB BB
| Link Table 7] Show Link Table g:--*g: AAAADD 08 11 11 111111 11 80 11 1180 11 11 80
-

ST (i (] (i) T (e s 1111 118060 11 11 11 11 11 11 80 11 11 80 B8 BB

| o () (s, (e 1--205 A\ AA 07 01 02 03 00 01 02 01 BB BB | data request
B (ot (e g:--»gﬁ A\ AB 07 0103 03 00 01 03 01 B8 BB /

ey

P i e (e e AA AA 07 01 04 03 00 01 04 01 BB BB v

Figure 18. Data Request and Response

" | data response
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7.5 New Route used between No.1 and No.8

The route between No.1 and No.8 is replaced, from No.1 -> No.4 -> No.8, to No.1 -> No.2 -> No.8, as a
new connection between No.2 and No.8 is established.

A - — - — o . — — lﬂ'lg;“
Received Data + ewiesveDaes  Serial Port Configuration COM Data 7] Show COM Cuta
2014-09-01 11:01:13 Mo.06 66 66 66 66  active report - AAAAOS0104020002070401 BB BB »
2014-09-01 11:01:14 No.05 5555 55 55  active report Com |COM4 - AA AA 08 01 04 02 00 02 08 04 01 BB BB
2014-09-01 11:01:15 No.04 44444444 active report ' ' AA AA 07 01 04 03 00 01 04 01 BB BB
2014-09-01 11:01:16 No.03 333333 33 active report BaudRate [go Close AA AA 08 01 05 02 00 02 04 05 01 BB BB
2014-09-01 11:01:17 No.02 222222 22 active report L . AA AA 08 01 05 02 00 02 06 05 01 BE BB
2014-09-01 11:02:11 No.08 888888 B8 active report AA AA 07 01 05 03 00 01 05 01 BB BB
2014-09-01 11:02:12 No.07 7777 7777 active report Data Query AA AA 08 01 06 02 00 02 05 06 01 BB BB
2014-09-01 11:02:14 No.06 66 66 66 66 active report AAAAODTO01060200010601 BB EB
2014-09-01 11:02:14 No.05 55555555 active report AA AA 08 01 07 02 00 02 06 07 01 BB BB

| 2014-09-01 11:02:15 No.O4 44444444  active report Node D |02 1| Query AA AA 08 01 07 02 00 02 02 07 01 B2 BB
2014-09-01 11:02:16 No.03 33333333 active report I AAAAQTOLO70300010701 BB ER
2014-09-01 11:02:17 No.02 2222 72 22 active report Route Table O o s A AA 080102 03 00 02 08 02 01 BB BB

AA AA DA 01 02 84 DO 00 0F 85 86 86 85 BE BB
| . 01--202 AA AA OA 01 07 84 D0 00 07 77 77 77 77 BE BB
| Link Table 7] Show Link Tabde g:"’g: AR AA OA 01 06 84 00 00 0 66 66 66 66 BB B8

=2 AA AA DA 01 05 84 DO 00 05 55 55 55 55 BB BB

[rars et AR DA G4k 000k 31 4538
LT | (o _ 0:-*0, A AA 0A 01 03 84 00 0003 3333 33 33 BE BB
L (P o (6 > AA AA DA 01 02 84 D0 00 02 22 22 22 22 BB BB
o sl AAAADDOS 1111111111 11801111 80111111
e (s f 1111 11 80 80 11 11 11 11 11 11 80 11 11 80 88 B8

AA AA 0T 010203 00010201 B8 BB
AA AA Q70103 030001030168 BB
Af A5 07 01 04 03 00 01 04 01 BB BB
A an 0F 0105 03 0001 0501 BE EB
A8 AA 0T 01 06 03 00 01 06 01 BB BB
Af AL 07 01 07 03 00 01 07 01 BB BB '
Mg 45 08 01 02 03 00 02 08 02 01 BE BB |

Figure 19. New Route used between No.1 and No.8

7.6 New Connection found between No.3 and No.7

A new connection between No.3 and No.7 is established during periodic network maintenance.

' | new connection

L] Meitocon - - - — e — — [Py
Received Data 4 emivnnen  Serial Port Configuration COM Data 7] Shivw COM Dot
2014-09-01 11:13:12 No.06  66.66 66 66 active report - AR AA 08 01 04 02 00 02 07 04 01 B8 BB .
2014-09-01 11:13:12 No.05 555555 55 active repor Com _C0~M4 = AA AA 0T 0104030001 0401 BB BB
2014-09-01 11:13:13 NouM 44 494444 active report Af AA 08 01 05 02 00 02 04 05 01 BB BB
2014-08-01 11:13:14 No.D3 33333333 active report BaudRate (oo~ Close Al AA 08 01 05 02 00 02 06 05 01 BB BB
2014-09-01 11:13:15 Nou)2 222222322 active report L - Al AA 07 01 05 03 00 01 05 01 B8 BB
938888 88 active report AA AA 08 01 06 02 00 02 05 06 01 BB BB
; TITITITT active report Data Query A4 AA 07 01 06 03 00 01 06 01 BB BB
111 No.06 6666 66 66 active report AR AA 08 01 07 02 00 02 06 07 01 BB BB
2014-09-01 11:14:12 No.05 55 55 55 55 active report AA AA DT 010703 00 01 07 01 BB BB
| 24494484 active report ModelD (002 =) Query | AA A0 01 02 02 00 03 06 08 02 01 BB BB
; 33333333 active repont Al AN 09 01 0F 02 00 03 04 08 02 01 B8 B8
2014-09-01 11:14:15 No.02 22222222 active report Route Table J shom Route e AAAAGS 010203 00 02 08 02 01 B8 B8
- AN AN DA 01 02 84 00 00 08 £8 B8 86 98 BE BB
. 01--02 AA AAOA 0107 84 00 0007 77 77 77 77 BB BB
| Link Table ) Show Link Tase g;"’g: AR AA DA 01 06 84 00 00 06 66 66 66 66 B BB
-3
) ([T () (=T (i (31 ol AB AA DA 01 05 B4 00 00 05 55 55 55 55 BB BB
| 02-03 02--04 02--05 02--06 02--07 02--08 1 B AL EE
050 L 0E 08 e 01--206 AB A OA 01 03 B4 00 0003 33 33 33 33 BE BB
e e TR (e sy AA AA 0A 01 02 84 00 00 02 22 22 22 22 BB B8
i e 01-->02-->08 AAAADDO811111111111180111111111111
Va0 0 111111118011 11 1111 11 11 80 11 11 80 B8 BB

AA AA QT 01 0203 00 01 0201 BB BB
A# AA 07 010303 00 01 03 01 BB BB
Al AM 0T 01040300 01 0401 BB BB
Al AA D7 01 050200010501 BB BB
AA AA D7 01 0603 00 01 06 01 BB BB
Ad A 07 0107 03 00 01 07 01 BB BB
A A0 08 0110203 00 02 08 0201 B8 BB %1

Figure 20. New Connection found between No.3 and No.7
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7.7 Call Each Slave Node for Data
Call each node in turn to query for data in an on-demand pattern.
Fpre— — . T ———— (o
Received Data s eninenes  Serial Port Configuration COM Data T S CM Dot

2014-09-01 11:17:11 No.06 66 66 66 66 active report -

2014-09-01 11:17:11 Ne.05 55555555  active report Com ICO}M
2014-09-01 11:17:12 No.04 44444444 active repart
2014-09-01 11:17:13 Ne.02 33333333 active report BaudRate [,
2014-00-01 11:17:15 Ne.02 22222222 _active repert L
2014-09-01 11:17:40 No.02_ 22 22 22 22
2014-09-01 11:17:43 No.03 33 333333
2014-09-01 11:17:45 No.0d 44 44 44 44 Data Query
2014-09-01 11:17:47 No.0S 55 55 55 55
2014-09-01 11:17:49 No.06 66 66 66 66 NodelD | w08
20014-09-01 11:17:50 NoO7 7777 77 77
2014-00-01 11:17:53 No.0& 88 88 B8 88 Route Table

\“_ 01-->02
Link Table T

T‘" 01-->04
01--02 01-03 0104 01--05 01--06 0107 \ 0105
0203 0204 02--05 0206 02--07 0208 5
03--04 03--05 03--06 03--07 \ o
04--05 04--06 04--07 04--08 \ S
05--06 05--07 \
06--07 06--08 ‘\\
\
A\
LY
A
data query |

Al AM 0401 05 B4 00 00 05 55 55 55 55 BE BB =
Af AN DA 0L 04 84 00 00 04 44 44 44 44 BE BB
AfAADADL 03 84000003 33 33 33 33 BE BB

Ab AN DA D] 02 B4 00 0002 22 22 22 22 BE BB
AAAADDOE11111111111180111111111111
1111111180111111 1111118011 11 80 BB BB
AA AN DT 0102030001 0201 BB BB

AA AN DT 0103 030001 03 01 BB BB

AfAA DT 010403 0001 04 01 BB BB

Al AA 0T 01 0503 0001 0501 BB BB

Al AL 0T 01 06 03 00 01 06 01 BB BB

AfAA 08 01 07 02 00 02 03 07 01 B8 BB

AfAA DT 01 07 03 00 01 07 01 BB BB

AA AN 08 01 02 03 00 02 08 02 01 BB BB

AAANCCO2 04 BE BE

AAAADB 0102050001 020122222222 BB BB
AAAACCOI04EBEBE
AMAMOBOLO0Z0500010301 333333338868
Af AL CC 04 04 BE BB

Ad AN D8 0L 04 05 00 01 04 01 44 34 44 44 BB BB
AA AN CCO5 04 BE BE

Af AA DB 01 05 05 00 01 05 01 55 55 55 55 BB BB
AA AN CC OG04 BB BE

A4 AN 0B 01 06 05 00 01 06 01 66 66 66 66 BB BB
A gt CC 0T 04 BE BE

AA AA 080107 0500 01 07 01 77 77 77 77 BB BB
Al AN CC OB 04 BB BB

A A O 01 02105 00 02 08 02 0] B8 BE 88 838 BB BE

Figure 21. Call Each Slave Node for Data

7.8 Slight Topology Change

Connections between nodes continually change during operation, as wireless communication is easily
influenced. The route table, however, remains stable with only slight changes in topology.

more connection for route selection

" MsnWindow ==
Received Data s mew nesenns  S€rial Port Configuration COM Data | Shows COM Dats
2014-09-01 13:47:44 No.05 55555555 active report. - AA AA 07 01 05 03 00 01 05 0L BE BB -
2014-09-01 13:47:45 No.04 44 44 44 44 active report Com | COh4. AA AA 07 01 06 03 00 01 06 01 BB BB
2014-09-01 13:47:47 No.03 33333333 active report AA AA 07 01 07 03 00 01 07 01 BB BB
2014-09-01 13:47:48 No.02 2222 3227 active report BaudRate (o AA AA 08 01 02 03 00 02 08 02 01 B8 BB
2014-09-01 13:47:51 No.06 6666 66 66 active report L AA AA DA 01 02 84 00 00 08 88 B8 B8 88 BE BB
2014-09-01 13:48:41 No.08 8888 88 86 active report AA AA DA 01 OF 84 00 00 07 77 77 77 77 BE BE
2014-03-01 13:48:42 No.07 77777777 active report Data Query AA AA DA 01 06 84 00 00 06 66 66 66 66 BB BE
2014-09-01 13:48:43 No.06 66 66 66 66 active repont AA AA DA O1 05 84 00 00 05 55 55 55 55 BE BB
2014-09-01 13:48:44 No.05 55 55 55 55 active report Al AS DA 0104 84 00 00 04 44 44 44 44 BB BE
2014-09-01 13:48:45 No.04 4444 44 44 active report Nodeld | 002 AA AA DA 01 03 84 00 00 03 33 33 33 33 BB BB
2014-09-01 13:48:45 No.03 333333 33 active report AA AA OA 01 02 84 00 00 02 22 22 22 22 BB BB
2014-09-01 134847 No.02 22322222 active report Route Table AAAADDOS11111111111180111111111111
T 111111111111 111111 11 11 11 11 11 80 BS BB
. = AA AA 07 01 02 02 00 01 02 0L BB BB
Link Table 41 Show ik Table g:"*g: AA AA DT 0103 02 0001 03 01 BB BB
01--02 01--03 01--04 01--05 01--06 01--07 m__:% S LG L LD L
| (e ety e (TPt (e (peety e AA AA 08 01 02 02 00 02 06 02 01 BS BB
004 03005 oo oe aa7 0a%es oo AR AN 07 01 0203 00 01 02 01 BB BB
L i e o AA AA 08 01 03 02 00 02 05 03 01 BB BB.
e AA AA 07 01 03 03 00 01 03 01 BB BB
e ik Af AN 08 01 04 02 00 02 02 04 01 B8 BB
AA AA 08 01 04 02 00 02 07 04 01 BS BB.
| g AA AA 07 01 04 03 00 01 04 01 BB BB
\\ AA AA 08 01 05 02 00 02 0405 01 BB BB.

A A0 08 01 0502 0002 0603 01 BB BB

AAAA DT 01 0503 0001 05 01 BB BB

AAL 08 0] D6 02 00 02 05 06 01 BB BB

A A8 07 01 06 03 00 01 06 01 BB BB E

Figure 22. Slight Topology Change
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7.9 After Two Hours Running

Call each node in turn to query for data in an on-demand pattern and get the desired response.

1" MainWindow =] B )
Received Data showactiveDats  €rial Port Configuration COM Data Show COM Data
2014-09-01 13:51:43 No.06 66 66 66 66 active report . AA AA 08 01 02 020002 07 02 01 BB BB
2014-09-01 13:51:43 No.05 55 555555 active report Com Com4 -| AA AA 07 01 02 03 00 01 02 01 BB BB
2014-09-01 13:51:45 No.04 44 44 44 44 active report AA AA 08 01 03 02 00 02 05 03 01 BB BB
2014-09-01 13:51:45 No.03 33 33 33 33 active report BaudRate Fsoo v| Close ‘ AA AA 07 01 03 03 00 01 03 01 BB BB
2014-09-01 13:51:46 No.02 22 22 22 22 active report AN AA 08 01 04 02 00 02 07 04 01 BB BB
2014-09-01 13:52:09 No.02 22 22 22 22 AA AA 07 01 04 03 00 01 04 01 BB BB
2014-09-01 13:52:12 No.03 33333333 Data Query AA AA 08 01 05 02 00 02 04 05 01 BB BB
2014-09-01 13:52:14 No.04 44 44 44 44 AA AA 08 01 05 02 00 02 06 05 01 BB BB
2014-09-01 13:52:16 No.05 55 55 55 55 AA AA 07 01 05 03 00 01 05 01 BB BB
2014-09-01 13:52:19 No.06 66 66 66 66 NodeID |0x08 '| Query ‘ AA AA 08 01 06 02 00 02 05 06 01 BB BB
2014-09-01 13:52:21 No.07 77 77 77 77 AA AA 07 01 06 03 00 01 06 01 BB BB
2014-09-01 13:52:23 No.03 88 83 88 38 R AA AA 08 01 07 02 00 02 05 07 01 BB BB

oute Table
: showRouteTable 4 o AA 07 01 07 03 00 01 07 01 BE BB
) 01--»02 AA AA 08 0102 03 00 02 08 02 01 BB BB

Link Table Show Link Table =15 AA AA CC 02 04 BB BB

01-->04
01--02 01--03 01--04 01--05 01--06 01--07 —_— ii iﬁ 2'?: %13 %31%55%%01 ERul 2R ZR AR D HE
02--03 02--04 02--05 02--06 02--07 02--08

01-->06
03--04 03--05 03--06 03--07 03--08 01—»07 :i ii 2'3: %i?)i‘;sﬁﬁbl Dl D 28 2 B D e
04--05 04--06 04--07 04--08

01-->02—>08 AA AA OB 01 04 05 00 01 04 01 44 44 44 44 BB BB

05--06 05--07 05--08 AA AA CC 0504 BB BB
06--07 06--08

| AA AA 0B 01 05050001 0501 55 55 55 55 BB BB

AA AA CC 06 04 BB BB

AA AA 0B 01 06 05 00 01 06 01 66 66 66 66 BE BB

AA AACCO7 04 BB BB
AAAAOBO0107050001070177777777BBEB
AAAACCO0804 BE BB
AAAAOQCOL02050002080201888888838BBBB |5

Figure 23. After Two Hours Running
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8 Design Files

8.1 Schematics
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Figure 24. Schematic
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8.2 Bill of Materials

Table 3. BOM
Item Qty Reference Value Part Description PCB Footprint
1 1 X1 26 MHz Crystal Oscillator XIAL4P-SMT3*2X5
2 1 X2 32768 Hz Crystal Oscillator XIAL-2*5V - noSMT
3 1 C1 1pF Capacitor C/0402
4 2 C2, C20 1uF Capacitor C/0402
5 3 C3,C4,C14 33 pF Capacitor C/0402
6 5 C5, C15, C16, C19, C21 100 nF Capacitor C/0402
7 2 C6, C7 100 pF Capacitor C/0402
8 2 C8, C9 1.5 pF Capacitor C/0402
9 1 C10 3.3 pF Capacitor C/0402
10 1 C12 12 pF Capacitor C/0402
11 1 C13 47 pF Capacitor C/0402
12 2 C17,C18 22 pF Capacitor C/0402
13 1 D1 DIP6 Connector Con6p_1mm
14 1 J1l SMA connector SMB_V-RJ45
15 1 JTAG DIP8 Connector CNB8P-2.0 - NoBoard
16 4 L1, L2, L5,L6 12 nH Inductor 0402-A
17 2 L3, L4 18 nH Inductor 0402-A
18 1 L7 3.3nH Inductor 0402-A
19 1 R1 56k Resistor R/0402
20 1 R2 47k Resistor R/0402
21 1 R3 10R Resistor R/0402
22 1 Ul CcC1101 IC-QFN20-RTJ4X4
23 1 u2 MSP430G2533 IC-SSOP28(DBQ)
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8.3 PCB Layouts
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Figure 25. PCB Layouts
9 References

1. MSP430G2533 - Mixed Signal Microcontroller (SLAS734F)
2. CC1101 - Low-Power Sub-1 GHz RF Transceiver (SWRS061H)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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